Recently we synthesized a novel class of 3-alkylated indoles 4 by a three-component reaction of indole (1) , aldehydes 2, and N,N-dimethylbarbituric acid (3) (Scheme 1). 1 The 3-alkylated indoles thus obtained were then utilized for the synthesis of unsymmetrical bis(indolyl)methanes, which also demonstrated the good leaving nature of N,N-dimethylbarbituric acid. 2 As a part of our continued work in the area 3 and synthesis of diverse heterocyclic compounds of biological importance, we now report here a very simple and efficient method for the synthesis of indolo[3, 2-b] carbazoles from 3-alkylated indole 4 (Scheme 1).
Scheme 1
The 3-alkylated indoles 4 were prepared from the reactions of indole (1), aldehydes 2, and N,N-dimethylbarbituric acid (3) (Scheme 1) according to our own reported method. 1 In our reaction strategy, treatment of 3-alkylated indoles 4 in acetic acid under refluxing conditions afforded, after workup, the indolo[3,2-b]carbazoles 5 in 45-87% yield. Thus, in a simple experimental procedure, compound 4a, for example, was refluxed in acetic acid for 15 minutes; after workup, this afforded indolo[3,2-b]carbazole 5a in 80% yield (Scheme 1). The product was isolated simply by filtration followed by recrystallization from a mixture of N,N-dimethylformamide and chloroform. The structure of the compound was determined from spectroscopic data and elemental analysis. The N,Ndimethylbarbituric acid (3) that was eliminated during the reaction was isolated from the filtrate and characterized. Following the same reaction procedure, we synthesized and characterized a series of indolo[3,2-b]carbazoles 5b-j. Our observations are recorded in Table 1 .
The reaction was also studied by utilizing the 3-alkylated indoles 4 with various Lewis acids, e.g., iodine, indium(III) chloride, cerium(IV) ammonium nitrate, and indium(III) trifluoromethanesulfonate, in solvents such as acetonitrile and tetrahydrofuran. Unfortunately, we could not get the desired products in any of these attempts. Next, we studied the reaction in refluxing acetonitrile and using hydrogen chloride as catalyst. Initially the reaction was found to proceed, but some blackish compound appeared quickly during the reaction process; this might be due to decomposition of the product, and we were not able to isolate the desired compounds.
In many earlier reported methods for the synthesis of indolo[3,2-b]carbazoles, it was observed that indolo [2,3-b] carbazoles were also formed during the reaction process, but were difficult to separate due to their insolubility. 4 In the present case, it is not possible for the indolo [ 3-Alkylated indoles 4 prepared from aromatic aldehydes that have electron-withdrawing substituents do not give the products, as they cannot stabilize the intermediate. Similarly, the reaction is not applicable to aliphatic aldehydes, due to the instability of the corresponding intermediates X.
In summary, we have developed a very simple and highly efficient method for the synthesis of indolo[3,2-b]carbazoles from 3-alkylated indoles that are available from a three-component reaction of indole, aldehydes, and N,Ndimethylbarbituric acid. In addition, the N,N-dimethylbarbituric acid that can be isolated in almost quantitative yield can be used again in the three-component reaction that leads to the formation of 3-alkylated indoles 4. This very simple, efficient, and cost-effective procedure for the synthesis of various indolo[3,2-b]-carbazoles is a valuable addition to the chemistry of indolocarbazoles (ICZ).
All chemicals including the solvents were used without prior drying. All reagents and solvents were of reagent grade. All IR spectra were recorded on a Perkin-Elmer 2000 FTIR spectrometer.
1 H NMR and 13 C NMR spectra (at 300 MHz and 75 MHz, respectively) were recorded on a Bruker Avance DPX FT spectrometer; DMSOd 6 was used as solvent, and TMS as an internal standard. Mass spectra were recorded on a Bruker Daltonics ESQUIRE 3000 LC ESI ion-trap mass spectrometer. Elemental analyses were performed on a Perkin-Elmer 2400 instrument. Analytical TLC was performed on aluminum-backed silica gel plates coated with silica gel (0.2 mm thick layer) (E. Merck). Melting points (uncorrected) were determined on a Buchi B-540 apparatus. Indole, the aldehydes, and barbituric acid were purchased from Aldrich Chemical Co., and other commercially available reagents were used without further purification.
6,12-Diphenyl-5,11-dihydroindolo[3,2-b]carbazole (5a); Typical Procedure Indole 4a (722 mg, 2 mmol) in AcOH (5 mL) was refluxed for 15 min. The solvent was removed under reduced pressure and the residue was poured into EtOH (5 mL). The solid that had appeared was collected by filtration, dried, and recrystallized from a DMF-CHCl 3 mixture. The structure of the compound was determined to be that of 5a on the basis of spectroscopic data and elemental analysis. The filtrate was distilled under reduced pressure and the eliminated N,Ndimethylbarbituric acid (3) was isolated from the residue by column chromatography (silica gel, EtOAc-hexane,1:3). The structure of 3 was ascertained from spectroscopic data and by comparison with an authentic sample. 5 Compounds 5b-j were synthesized and characterized similarly. 
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